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The human brain is highly sophisticated organ that renders humans as the most intelligent 
known species. That organ contains approximately 86 billion neurons. These neurons continu-
ously make connections with one another in the form of electrical signals. Neuronal firings gen-
erate different types of wave patterns, which emanate from differing brain regions. These include 
delta (<4 Hz), theta (4–7 Hz), alpha (7–12 Hz), beta (12–30 Hz) waveforms [1]. The rhythms of 
the electroencephalogram (EEG) are defined as regularly recurring waveforms of similar shape 
and duration so it is possible to define studied objects also as an as α-, β-, θ- and δ-rhythms [2]. 
The clinical electroencephalography correlates central nervous system (CNS) functions 
as well as dysfunctions and diseases with certain patterns of the electroencephalogram (EEG) 
on an empirical basis. Because of the said this method has been found valuable in clinical 
practice [2].
Recently, there is increasing evidence of the use of musical intervention in a clinical con-
ditions, concerning singing, music listening, musical improvisation, and other musical activities. 
Given that music engages a variety of brain areas involved in emotion, motivation, cognition, and 
motor functions, musical interventions have been used to increase socialization and cognitive, 
emotional, and neuromotor functioning. Music listening was implemented as a musical treatment 
during series of experiments, performed for this study [3]. 
A B S T R A C T
The aim of the study. Improvement of the preparation to the acoustical signal therapy test or 
experiment of electroencephalographic activity of human brain and validation of the speci-
fied test results.
The problem to be solved. Estimation of the minimal possible sample size for maintaining 
needed research accuracy in the research field of the electroencephalographic activity of 
human brain via monitoring of the brainwave patterns during exposure to the musical signal. 
Main scientific results. New method for selection minimal passable sample size for brain-
wave pattern studies is presented. Example of application of method for one rhythm of the 
brainwaves (delta-rhythm) is shown. Perspective way of obtaining clinically valuable differ-
ences between test group results was acquired. Differences between mean values for groups 
of results of different types of music and stress factor exposure are presented. 
The area of practical use of the research results. Research facilities dedicated to the study 
of electroencephalographic activity of human brain and medical facilities and institutions, 
dedicated to the treatment of pathologies of the central nervous system, brain damage, stress, 
and progressive post-stress action psychological state restoration. 
An innovative technological product. Dedicated method for quick estimation of minimal 
passable sample size for brainwave pattern studies, which is recommended for usage in the 
studies of the implementation of music therapy.
The area of application of an innovative technological product. Electroencephalographic 
activity of human brain study via brainwave pattern research. Clinical practice of application 
of a music therapy. 
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As another influencing factor, prolonged stress study was used. Mentioned usage took place 
because there was need to establish strict set of conditions, in which music therapy will work in its 
full capability.
1. 1. The object of the research
A method for selection of the minimal passable sample size for research of the relative α-, 
β-, θ- and δ-rhythms levels change due to exposition to superposition of external factors (musical 
therapy and long-term growing study stress level), has been obtained. Said method presentation 
includes ways of estimation of clinically significant difference between group means for brainwave 
rhythms.
1. 2. Problem description
The field of the research of electroencephalographic activity of human brain is new and is 
rapidly advancing [4, 5]. But, modern ways of utilizing this method do not include in pre-experi-
mental preparations estimation of the proper size of the samples. A lot of studies form samples out 
of available test subjects, without statistical analysis of used group size even in post-processing of 
results [6, 7].
There is objective reason for said situation – not always presented clinical situation allows 
choice in sample size – disease, brain damage or harsh stress influence are hard to predict. Fur-
thermore, exact condition of even presented patients may wary in wide borders [7]. Considering 
all before mentioned facts it is important to know when presented research may need further clar-
ification.
Presented modern studies in estimation of the sample size either are done in different sci-
ence field, which puts forward its’ own requirements [8, 9], or are too generalized [10]. 
Because of before mentioned facts it is important to have way, which is specifically designed 
for usage in EEG field to both quickly and clearly calculate the needed number of experiment par-
ticipants and properly estimate values by which said number is calculated.
1. 3. Suggested solution to the problem 
This study presents new method of pre-experimental sample size estimation for the task of 
evaluation of relative level of brainwave rhythms during, before and after brainwave pattern studies 
for both influenced via usage of superposition of external factors (musical therapy and long-term 
growing study stress level) brain and not influenced one. 
The aim of this study is to estimate possibility of the application of basic statistical for-
mulae [11] in the setting of the minimum possible sample size for EEG testing of the influence of 
superposition of two neurologically active factors – music signal and stress factor with prolonged 
action for δ-rhythms examination and establishing value of clinically significant difference be-
tween group’s mean values, which shapes sample size. 
2. Materials and methods
The task of the experiments, for which the method was created, is to test the influence of 
two parameters - a low-frequency musical signal, which influenced patients during test, and stress 
factor in form of the study process, influencing patients long before test start, on certain brain 
rhythms, in presented case δ-rhythms. Observed experimental results were also to be verified via 
statistical means for clarification of their correctness because of their small sample size. That ver-
ification was the reason of the method creation.
2. 1. Experimental methodology
To research the stimulation of the human CNS with low audio signals was used musical 
fragment of selected properties (Fig. 1). Frequency with Аmax for selected fragment was estimated 
as 80 Hz [12].
Five student volunteers participated in the observed part of the experiments set, their informed 
consent was obtained, research was conducted with the strict accordance with the Code of Ethics of 
the World Medical Association (Declaration of Helsinki). Experiments also were supervised by two 
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doctors, not affiliated with basic research facility – neurologist and psychiatrist. Students who partic-
ipated in tests, of whom 2 were men and 3 – women aged 18–22 years. Selected respondents had no 
special musical education, were right-handed, at the time of the study were healthy, had no history of 
traumatic brain injury, severe hearing problems, and diseases of the central nervous system. A total 
of 14 experiments were conducted – 7 in male and female groups. Number of sessions per person: 4 
sessions – 2 people (1 person, 1 woman); 1 session – 3 people (2 people, 1 woman).
Fig. 1. Spectral properties of the used sound fragment (On Demon Wings by Bohren & der Club 
of Gore)
The obtained results were divided into two groups (7 experiments each) – before the begin-
ning of indirect exposure to time-stretched stress factors (3 experiments in women, 4 experiments 
in men) and after (4 experiments in women, 3 experiments in men). 
The research of the effect of low-frequency audio signals exposure on the bioelectrical ac-
tivity of the human brain was conducted in a certified silenced room on the base of the Department 
of Acoustic and Multimedia Electronic Systems National Technical University of Ukraine “Igor 
Sikorsky Kyiv Polytechnic Institute”, electroencephalography experiments (EEG) was performed 
via computer electroencephalograph “BRAINTEST-16”, “DX-systems” Ukraine, Kharkiv).
Fig. 2. International system 10–20, electrode placement scheme
Electrodes were located in 16 standard placements (Fr1, Fr2, F3, F4, F7, F8, C3, C4, P3, 
P4, O1, O2, T3, T4, T5, T6) – (Fig. 2), their correct placements were determined in accordance 
to international system “10–20” [13]. The potentials of the active electrodes were measured in 
relation to the zero reference electrodes placed on the earlobes. Raw data was recorded in 0.16–
100 Hz bandwidth and later estimated via Fast Fourier Transformation (FFT) in bandwidth of 
0.5 to 30 Hz (Fig. 3).
Experimental raw data has total length of 3 minutes of EEG recording – first minute the 
silence in musical signal is recorded, second minute is low-frequency musical signal exposure and 
the last one is also silence. The purpose of first minute’s exposure of examinee to the silence is 
establishing background level for test, and third minute allows musical therapy’s influence to set in.
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Fig. 3. FFT parameters
All experiments were performed in time frame from twelve to four p.m., in comfortable 
environment with the usage of provided by the supplier headphones.
The calculation of the sample size is performed with the usage of the following formula [11]: 














   (1)
where N – calculated sample siz;, Zα/2 and Zβ – values of the normal distribution of probabilities α/2 
and β respectively; d – clinically significant difference between group’s mean values (effect size); 
Sd – standard deviation of obtained group data. 
It is also less time consuming practice to estimate needed N via analyzing Table 1 [11] for 
obtained d/SD value.
Table 1
Example of a calculation table of sample sizes required to verify the statistical significance of the difference 
between the two mean values at the significance level of 0.05 and at the power of the criterion of 0.80 for 
different values of d/SD
d/SD Estimated sample size for one group
Real sample size for 
one group (N) 
Total sample size for 2 study groups (excluding 
dropouts) 
0.1 1568 1568 3136 
0.2 392 392 784 
0.3 174.2 174 348 
0.4 98 98 196 
0.5 62.72 63 126 
0.6 43.6 44 88 
0.7 32 32 64 
0.8 24.5 25 50 
0.9 19.4 20 40 
1 15.68 16 32 
1.1 13.0 13 26 
1.2 10.9 11 22 
1.3 9.3 10 20 
1.4 8 8 16 
1.5 7.0 7 14 
Analysis of the results was conducted via Open Office Calc and Statistica program packag-
es. For evaluation of the statistical data sampling method [14] and Student’s t-criterion [15] were 
used. Detailed information about statistical methods, used in study, is presented in the next section.
3. Results
Out of 14 experiments 8 groups with results were formed and later were formed into other, 
comparative groups. Test results themselves consist of relative levels of δ-rhythms of bioelectrical 
activity of the human brain during the test.
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Main division between test groups was their time placement relative to stress factor im-
pact – group (7 experiments total), which took place before stress impact are marked as “b”, ones 
(7 experiments total) after impact are marked with “a”. 
Another division consisted of result timing in the experiment itself – were distinguished 
two dividing points – results of the first minute (pre music exposure) are marked with number “1”, 
results of the third minute (post music exposure) are marked with number “3”.
Last division was related to signal location in the human brain – mark “left” stands for the 
left brain hemisphere, mark “right” stands for the right brain hemisphere. Placements presented in 




Left Fp1, F3, F7, T3, T5, C3, P3, O1
Right Fp2, F4, F8, T4, T6, C4, P4, O2
For further reference it is important to name all new comparative groups – all of them con-
sist of the comparison of relative δ  rhythms levels in seven measurements put into results groups – 
the first one compares result group, obtained before stress exposure during first minute of the 
recorded data from the left hemisphere to group, acquired after stress exposure during first minute 
of recorded data from the left hemisphere. 
Next one compares result group, obtained before stress exposure during first minute of the 
recorded data from the right hemisphere to group, acquired after stress exposure during first min-
ute of the recorded data from the right hemisphere.
Other one holds comparison of result group, obtained before stress exposure during third 
minute of the recorded data from the left hemisphere to group, acquired after stress exposure 
during third minute of the recorded data from the left hemisphere.
Next group includes comparison of group results, obtained before stress exposure during 
third minute of the recorded data from the right hemisphere to group, acquired after stress exposure 
during third minute of the recorded data from the right hemisphere.
Fifth group consists of the comparison of group results, obtained before stress exposure 
during first minute of the recorded data from the left hemisphere to group, acquired before stress 
exposure during of the third minute recorded data from the left hemisphere.
Sixth group consists of the comparison of group results, obtained before stress exposure 
during first minute of the recorded data from the right hemisphere to group, acquired before stress 
exposure during third minute of the recorded data from the right hemisphere.
Seventh group consists of the comparison of group results, obtained after stress exposure 
during first minute of the recorded data from the left hemisphere to group, acquired after stress 
exposure during third minute of the recorded data from the left hemisphere.
Eighth group consists of the comparison of group results, obtained after stress exposure 
during first minute of the recorded data from the right hemisphere to group, acquired after stress 
exposure during third minute of the recorded data from the right hemisphere.
Noteworthy is fact that for all comparative groups presence of statistically meaningful dif-
ference was obtained via implementation of Student’s t-criterion, which practical usage is shown 
in studies [16, 17]. That research had shown that the comparative groups 1 through 6 had it, while 
groups seven and eight did not. 
After group forming mean values for each starting group were obtained and (as a part of a 
further statistical analysis) differences in comparison groups were estimated. All acquired results 
are presented in Table 3.
For the article it is necessary to set standard values of the level of significance condition 
(Type I error) (0.05) and power (0.80).
Then Za/2+Zb=1.96+0.84=2.8 and we can determine the value of the numerator for formu-
la (1) equal to 15.68 [11].
Clinically significant difference between group’s mean values is estimated in the next way – 
all obtained differences in comparative groups are grouped and standard deviation for selected 
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group is calculated. In the said groups result was obtained as a 5.56 percent. Then we take effect 
size as less than or equal to the calculated value. Relatively to the presented data, we assume effect 






Mean value, % Difference, %
1
b. 1 left 15.37
–7.11
a. 1 left 22.48
2
b. 1 right 14.43
–9.24
a. 1 right 23.67
3
b. 3 left 12.39
–10.4
a. 3 left 22.79
4
b. 3 right 12.21
–10.79
a. 3 right 23.011
5
b. 1 left 15.37
–2.97
b. 3 left 12.39
6
b. 1 right 14.43
2.22
b. 3 right 12.21
7
a. 1 left 22.48
–0.32
a. 3 left 22.79
8
a. 1 right 23.67
0.66
a. 3 right 23.01
Standard deviation SD for comparative groups, and ratio d
SD
 to are presented in Table 4.  
According to Table 1 we define N equal to 7–14 for both groups – which corresponds with the 
results shown in the study. Also it is possible to note that there are possibilities for establishing 
minimal sample sizes even below this number.
Table 4
Method implementation results – comparative group parameters
Comparative group number
Test results 









4. Discussion of research results
Obtained results are twofold: first part shows that the presented experiment results are clini-
cally correct and can show meaningful conclusion; second presents way for calculation of clinically 
significant difference between group’s mean values for δ-rhythms. 
Although method was tried only for one type (of for obtained during experiments) of brain-
wave rhythms we can freely use it for other captured types. 
Created method is tested only for relative values power of brainwave rhythms (estimated in 
percent) and should not be used (without previous testing) for the absolute values (estimated in µV, 
µV2/Hz or µW/Hz), which are used, for example, in study [18].
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It is also worth mentioning that required for obtaining the clinically significant difference 
between group’s mean values part of the data have been calculated during estimation of t-criterion, 
so implementation of the proposed method is not neither time nor effort consuming.
Noteworthy is fact that in the sampling method was changed from convenient one [7] to the 
hybrid of stratified and quota methods [11, 14].
One of the newest studies [19] on one hand gives fundamental data on the ways of the sam-
ple data estimation, but, on the other one, does not provide way for estimation of the effect size. 
Study limitations. The main restrictions on the use of the results, obtained in the study, are:
1) age of volunteers was in the limits from 18 to 22 years old;
2) all volunteers did not have a musical education, as this significantly affects the perception 
of musical fragments;
3) only first 3 minutes of total of 10 recorded were used in the analysis.
The plans for further researches are in double-checking the study results for α-, β-, θ- 
rhythms. Also improve Table 1 for even bigger d/SD values.
5. Conclusions
Obtained study results are twofold – at one side, method for selection of the minimal pass-
able sample size for research of the relative δ-rhythm levels change due to exposition to superpo-
sition of external factors (musical therapy and long-term growing study stress level) was produced 
and tested, on other side way of estimation of clinically significant difference between group means 
for δ-rhythm was developed.
Relatively to the minimum passable sample size method estimation it is possible to name 
the following facts: 
1. It is possible to use low-numbered (less than ten experiments in each – and seven in our 
case) test groups for the research of the relative δ-rhythms levels change due to exposition to super-
position of external factors (musical therapy and long-term growing study stress level). Although it 
is important to stress that moderation in sampling is recommended – it is better to have 3 groups of 
7 test results then 8-13-2 [7] result group separation (though it is not always possible due to conve-
nient sampling method [14] in presented study).
2. In contradistinction to the known methods [8, 10, 11, 19], method, presented in our study, 
is optimized for usage in studies, which utilize EEG as a medium for estimation of outside influ-
ence on CNS state.
3. Using the similarities between the nature of α-, β-, θ- and δ-rhythms (brainwave patterns) 
we can theorize that implementation of said method for different rhythms is possible.
4. Further research in terms of application of even less numerous test groups for specified 
problem are possible.
5. Method present way of manual correction of sample size estimation via careful estimation 
of clinically significant difference between test groups.
As for way of estimation of clinically significant difference between group means next facts 
are worth highlighting:
6. In contrast to the presented sources [11, 19] not only direct application of clinically signif-
icant difference is shown, but way to calculate it for EEG based researches is shown. 
7. The greater difference between mean values of components of the comparative group – the 
lower sample size is required for preserving clinically significant difference between test groups. 
8. Clinically significant difference can be adjusted via application of different rounding 
methods.
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